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chromatography: coupled with miniature quadrupole array and Paul ion 
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Miniaturized chemical instrumentatim is needed for in situ measurements in planetary explbration and d e r  
spaceflight applications where fixtors such f duction in a n d  robustness are 
important. In response to this need,’ we are “ntinuing to strumentation which 
combines ch&ical separations by gas clucnnatogqhyT(GC) (MS) to provide positive 
identification of chemical compounds Sn complex mixtures of g in the International Space 
Station’s cabin atmosphere. Our d&gn approach utilizes micro gas chromatography components coupled with either a 
miniature quadrupole mass spectnrmeter array (QMSA) or comp8ct, high-resolution Paul ion trap. Key design issues 
include high sensitivity, good MS resolution (0.5 m u  FWHM or better), low power7 robustness, low GC flow rates to 
minimize vacuum-pumping requifements, and the use of a modular approach to adapt to &&rent environments. 
Among the potential applications for such instrumentation are in situ detection of astrobiology signatures (using air 
sampling or graund-drilling techniques), planetary aeronomy, and monitoring of cabin air during long duration human 
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will be of special importance. 
especially powerful analytical 

dohe $ovides important 
capability for identirjing the chemical structures of unknown compounds fim observations of their ion hgments, it 
suffers &om inhereat difficulty in dealing with “ixtures, mpecklly heu  compounds of interest may be present at low 
levels. Combining mass spectrometry with gasxhr~atography (GC),,pmvides rapid separation of even complex 
chemical mixtures befiore they are detected by the MS. This ‘)re-processing”of the sample using GC presents the MS 
with a sequence of species tobedesected in 
the presence of oomp general purpose technique fix 
chemical analysis. Here, the signature4 be used to identi& specific 
structural features ofthe molecule, and when coupled with characteristic GC retention times provides virtually positive 
identifications. Given SUfEicient SM, it is also often possible to infer the isotopic composition (and ratios) of resulting 
ion fragments produced for each compound, fbrther d m c h g t h e  scientific value of in situ GCIMS measurements. 

_. To be useful situ astrobiology or other qacefiightsppliqttiom, G U M S  instrumentation must be bath 
miniature and rugged, urbile using very little pcrwer and <Ither amsumabla F “ a k l y ,  im$”t dpslness is enhanced 
bymini- .due to size scaling iktms since inshumant mass &crews marempidiy thaa cross-secb 
increasing the relathe sbrength ofoampanents Besides reductig powg requirementS and the. sumable& mall size 
may significantly deEaease the a“t of sample that is required, allowing Mer “tbg. tobescaleddown. 

isesp5aUyhorablem thecase.ofgaschroanatognrphy+ons&.GC/MS appkatbp. Hup,theuseof 
s h a t m i c m - h ~ s m a k e s s e p a r a t i a a s m ~  fistmwithoutadvmeIyeffccting@.utiaa,while~thesametimegrea@ 
reducing flow rates h the OC column mto themass qectmmeter. T h ” b s  w“,pumpingaqire”ts and 
d e r  gas COIWmjptiOtl, allawing the overaU wight and power oftbe spkm to be sigu&tntlyrcduced. 
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measurements for astrobiology and other 
high level of positive identification of chemical compounds ofiked by GC/MS. This is especially important since re- 
measurement by alternative techniques for confirmation may not be feasible. It also may not be possible to anticipate 
all chemical species that are obsemd, and-importaut species may be p m  mly.at trace levels where tbey could be 
masked by complex chemical backgrounds. These considerations help make G C M S  the m d o d  of choice for in situ 
chemical measurements. While gas chromatography has played a significant role in previous planetary missions’ and a 
variety of miniature mass analyzers have been developed,2 weight and power requirements have so &r precluded the 
use of GCMS in planetary missions, with the exception of a large and complex (10s of kg) Pyrolysis/Gc/MS system 
for the upcoming Cassini/Huygens Probe into the atmosphere of Saturn’s moon Titan. A new generation of 
miniaturized low power OCM instrumentation will be needed to fill this technology gap. Here, MEMS technology 
and other approaches to miniaturkation can dramatically increase the robustness of systems and components, reduce 
life-cyole costs and minimize the need for redundancy. 

2. MIMATURE GCMS INSTRUMENTATION 

Our technical approach m developing miniature GC/MS ins&umdon is based on theuse ofa ME?MS-based GC 
injector and micm-bare capillary columns fix perfbnning the Separatms, coupled with the new miniatwe mass spectromem 
* o b  being cievelopmeat at NAsA/JpLp6 The silicon mwm valve we emplay is s h a ~ n  in FW 1 
and is about 3 x 2.5 an in Size. The valvehas a sample loap with a volume of 15 $ (micro-Utess), which can providep.ecise, 
programmable gas sample injections of 0.545 $. Such valves have beea tested for over 2.5 million analysis cycles without 
signs of wear. The i n . m  valve itself is opea-ated pneumatically from the carrier gas supply and thus does not directly 
require power. A key feature of this design is that the sample loup is first thoroughly flushed with sample, the sample 
then pressrnized to the GC column head pressure (in the sample loop), fbllowed by mjection of a very small plug of gaseous 
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mi- Gciqjedor(seeW).' 
Gasfbwratesfiomthe G u M s ~ d R e t o ~ n e e d t o k e e p  

\-pumping- a n d ~ ~ l a v .  F l o w r a t e s f b r t h e G c / Q u s A ~  rangefbn10toafftv 

the pdsesuille equatian, allowing the flow rate (at some s ta" ipnsm)  to be caiculatedfrom inlet and outlet p~essures of 
the GC column, intemal radius Randlengtht ofthe column, andcaniergasvkdty, q. In GCMS applicatiolts, since the 
outlet ofthe cohnnnis in the 

h~11ddp,Jh~~,dl~thantypical~GCflowratesd2-30mZhnin s u c h f l c r ~ ~ ~ b e d d a t d l l s i n g  

llnxismwillbe- atm. 

The primary mass spectrometer detector w6 have employed in w Gc'Ahas work is the QMSA (quadrupole 
mass specbrometer array) shown in Figure 2. This miniature high resolution, q"pole  array has been certifiedas a 
NASA flight instniment and has been deployed on the WkmatiodSpzice Stati QMSA itself is comprised of 
16 rods in a 4 x 4 array (each 2.5 cm in length) and utilizes a single ionizer for the MS array.4 Detection sensitivity is 
2 x 1 d 2  countdtorr-se~~ with a mass resolution d A m  of 600 over a range of 1-300 amu. The present configllraon of 
the Vacuum housing ofthis instrument provides adirecr access port to the ionizer via a 1.33 inchstainless steel 
contlat flange, which provides a simple to the GC columnvia a StanQrd 1/1 fitting 





. 
Sampling 

GC Column 

. GclQMsA 



Toluerte 

120 170 220 270 320 370 420 470 520 - t h e  ($1 



Figure6. Ehnple for neon 

and low volume. 



Figure 7. h4kiaturePaul ion trapmass specb.am*. 
The mass and power consumption ofthe present GUQMSA breadboard instrumentation are 1.9 kg and 16 

watts, based on the use of commercial off-the-shelf electrical ccpnponents, Ofthis, the QMSA itself camprises 1.7 kg 
mass, 2000 cm3 volume and 15 w peak (2 w sleep) powery as incorporated into the Trace Gas Analper (TGA) for 
astronaut EVA (the current spaceflight instrument). With planned miniaturization of the electronics, it should be 
possible to reduce the QMSA to 600 g mass, 680 an3 volume and 5 w peak (1 w sleep) power. In its present form, the 
Paul ion trap has a mass of 1.5 kg using commercial electronics, 1900 cm3 volume and 8 w peak (1 w sleep) power 
consumption. 

Other important NASA needs that can be me# by such miniature GC'MS instarmentation include environmental 
monitoring ofamtaminates in spaax& cabin air during long duratian human flight or in firture space habitats Here, 
spacecraff Maximum Allowable CQlCentratioas (WACS) have been established fix a wide mge ofcompounds down to low 
ppb levels. Miniature GCMS tedmology can provkle *e identificaikm of them mtadnanntr. Furtbmore, this 
approwh pmvides the advantage of being able to de!tect and ideati@ unanticipated environmental 00ncamrnan tsthatmight 
arise h r n  outgassing dspaceaaftaxnpotmts, accideatd relegseafmatdls aboardqaaxnftor m habitats, cr duringthe 
exmtctim of plan* ltS0Urw. 

Mi"d sampling systems and &her enabling technology which can meet challengbtg mass, volume and power 
cotlsbaints will bel.lequired fir these miniaane hstnrmenrs. To ddress this need, we are developing a variety of diffirent 
'%ant ends" fix sample coileaion and ppmcssing which are desigued to intedke with miniature GCMS technology or 
other msiiu mstrummtatian. ll.l 
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